Androgen receptor (AR) signaling plays a critical role in the development and progression of prostate cancer.
Introduction
Androgen receptor (AR) is a member of the nuclear receptor superfamily and serves as a ligand-dependent transcription factor. A functional AR signaling axis is integral to the development and progression of prostate cancer (1) . For patients who are diagnosed with metastatic prostate cancer, androgen deprivation therapy (ADT) is a standard treatment of choice (2) . ADT, however, is not curative; most tumors acquire resistance to this modality after a short period of improvement (3) . There is a large body of evidence that suggests that AR still plays a key role in hormone-refractory prostate cancer (4, 5) . Several mechanisms have been proposed to account for the activation of AR signaling in a low or suboptimal androgen environment, including a mutated AR, a promiscuous AR, or an outlaw AR (4) (5) (6) . Although many cellular and molecular events contributing to the development of hormone-refractory prostate cancer have been identified (7), the underlying factors responsible for the emergence of this phenotype remain to be elucidated.
Androgen deprivation has been shown to cause endothelial cell death, degeneration of capillaries, and vasoconstriction in the prostate (8) . These findings suggest that a state of hypoxia is likely to occur in the malignant tissue after surgical or chemical androgen ablation. Previous studies reported that hypoxia increases AR activity in prostate cancer cells, and that peroxiredoxin-1 (Prx1), which is up-regulated by hypoxia, interacts with AR to enhance the expression of androgen-regulated genes (9, 10) . Prx1 belongs to a novel family of peroxidases that are usually involved in the destruction of peroxides (11) . Elevated levels of Prx1 are found in several types of cancer (12) (13) (14) , suggesting that Prx1 may confer a survival advantage to the cancer cells (15, 16) . A recent article showed that Prx1 is a target of Nrf2 (16) , the latter is a redox-sensitive transcription factor that is generally up-regulated by hypoxia.
Despite the recognition of Prx1 as an antioxidant protein, the AR-stimulatory effect of Prx1 is not dependent on this function, because a mutant Prx1 lacking antioxidant activity behaves similarly as the wild-type toward AR (10) . The physical interaction of Prx1 with AR is validated by reciprocal immunoprecipitation, chromatin immunoprecipitation, and in vitro pulldown assays (10) . Thus, Prx1, by acting as a "chaperone," seems to sensitize AR to low levels of androgen (10) . Upon binding to the ligand, the NH 2 terminus of one AR molecule associates with the COOH terminus of another AR molecule in a process called N-C dimerization (17) . This is an important step in AR signaling because it keeps AR activated by holding the ligand in the ligand-binding pocket. In the present study, we evaluated the ability of Prx1 to modulate AR ligand binding affinity as well as AR N-C dimerization. Additionally, we also determined the role of Prx1 in androgen-stimulated growth and gene expression of prostate cancer cells. The contribution of Prx1 was assessed mainly through the approach of stable Prx1 knockdown. Our interpretations are therefore based on comparing the response outcome in the presence of a high versus a low Prx1 expression status. Most of the experiments were carried out with the LNCaP cell model. Other prostate and nonprostate cancer cells were also used in some experiments to clarify certain issues.
Results

Prx1 Augments Androgen-Stimulated Growth of LNCaP Prostate Cancer Cells
LNCaP cells express a mutated AR and are responsive to growth stimulation by androgens (18, 19) . In the present experiment, LNCaP cells infected with either the Prx1-shRNA or scrambled-shRNA were cultured in a charcoal-stripped fetal bovine serum (FBS) medium and treated with 0, 0.1, or 1 nmol/L dihydrotestosterone (DHT). The Prx1-shRNA and scrambled-shRNA subtypes are designated as KD (for Prx1 knockdown) and CT (for control), respectively. These abbreviations are used throughout the remaining text. Cell growth was monitored for 5 days using the MTT assay. The results are shown in Fig. 1A . The day 1 MTT data of the CT cells not exposed to DHT is set as 100%. All the other data are relative to this value. With the CT cells, growth was increased 3-fold on day 5 in the absence of DHT. These cells responded to DHT stimulation in a dose-dependent manner, such that at 1 nmol/L DHT concentration, a 6-fold increase of cell growth was observed during the same period. In contrast, the KD cells were less responsive to DHT stimulation when compared with the CT cells, suggesting that decreased expression of Prx1 causes a desensitization to DHT signaling. Western blots of Prx1 in CT and KD cell extracts, with or without DHT treatment, are shown in Fig. 1B . The data confirm the successful knockdown of Prx1 by shRNA, and that DHT did not change the expression of Prx1. To ascertain that the differences in DHT-stimulated growth between the CT and KD cells were not due to changes in AR level, we also examined AR expression by Western blotting. It is evident from the data in Fig. 1B that the protein level of AR remained stable under these conditions. Both the Prx1 and AR Western blots were done using cell extracts under DHT treatment for 3 days.
Prx1 Enhances Expression of Cyclin D1, PSA, and KLK2 in Response to DHT To verify that the reduced sensitivity of KD cells to DHT was also manifested at the molecular level, we examined selective genes which are up-regulated by DHT in prostate cells. We chose cyclin D1, prostate-specific antigen (PSA), and kallikrein 2 (KLK2) as markers of DHT signaling. DHT induces cyclin D1 via the mammalian target of rapamycin-dependent protein translation mechanism, whereas PSA and KLK2 are direct transcriptional targets of AR. LNCaP CT or KD cells were treated with 0, 0.1, or 1 nmol/L DHT for 24 hours, and then processed for Western blotting and quantitative PCR. The Western blot data are shown in Fig. 2A . DHT at 1 nmol/L caused a 2.5-to 2.6-fold increase of all three molecular markers in the CT cells (i.e., with full expression of Prx1). In contrast, the same concentration of DHT produced only a 1.8-to 1.9-fold increase in the KD cells (i.e., with reduced expression of Prx1). Figure 2B and C show the real-time PCR data of PSA and KLK2, respectively. As expected, the transcriptional control of these two genes in response to DHT was blunted in the KD cells. For PSA, the decrease was statistically significant at 0.1 and 1 nmol/L DHT. For KLK2, the decrease was noticeable only at 1 nmol/L DHT. Collectively, the results of Figs. 1 and 2 support the idea that Prx1 plays a key role in DHT signaling for stimulation of growth and AR target gene expression.
Decrease of AR Activity by Prx1 siRNA-Mediated Knockdown Is Not Affected by DHT Level
The above experiments were done with cells that were stably infected with the Prx1 shRNA. To rule out any nonspecific effect of the shRNA, we carried out another experiment with cells which were transiently transfected with one of two different Prx1 siRNAs (refer to Materials and Methods for details). Instead of using AR target genes as markers, we used an androgen response element (ARE)-luciferase reporter assay as the readout to evaluate the effect of Prx1 knockdown in cells exposed to increasing levels of DHT at 0.1, 1, or 10 nmol/L. Figure 3A shows that both Prx1 siRNA 143701 and 11838 essentially abolished the expression of Prx1. Interestingly, there was a significant drop in the amount of α-tubulin in the siRNAtransfected cells. The same was true when we used actin or glyceraldehyde-3-phosphate dehydrogenase as the loading control. This could be due to the fact that these transiently siRNA-transfected cells experienced ∼30% decrease in growth (incidentally, Prx1 is also a very important growth and survival factor). Aside from this complication, it can be seen from the results of Fig. 3B that both Prx1 siRNAs reduced the ARE-luciferase activity to the same level regardless of the concentration of DHT. The significance of the observation is discussed later. The ARE-luciferase activity in Fig. 3B was determined at 48 hours after DHT treatment. Similar results were obtained at 72 hours (data not shown). It should be noted that the experiment described in Fig. 3 was the only experiment in this article that used Prx1 siRNA-transfected cells. All subsequent experiments were again conducted with the stable Prx1 shRNA knockdown cells.
Prx1 Increases DHT Binding Affinity of AR in LNCaP Cells
How might Prx1 facilitate AR transactivation? As noted in the Introduction, Prx1 interacts physically with AR. It is possible that this interaction may allow better access of DHT to the ligand-binding pocket in AR. To test the hypothesis, we performed DHT binding assays in CT (high Prx1) or KD (low Prx1) cells. The specific binding data from representative experiments are shown in Fig. 4A and B. The raw data were transformed to a Scatchard plot, which provides two pieces of information: (a) the total binding capacity of AR in the cell (maximum number of binding sites, B max ), as indicated by the intercept on the X-axis, and (b) the dissociation constant (K d ) of DHT, which is derived from the slope of the plot and measures the affinity of AR to DHT. The details of the Scatchard analysis were described in the Materials and Methods. Table 1 
Prx1 Increases DHT Binding Affinity of AR in PC3M Cells
LNCaP cells contain a mutant AR. To verify that the effect of Prx1 on AR is not unique to LNCaP cells or the mutant AR, we carried out a parallel study with the PC3M prostate cancer cells. We developed stable Prx1 CT and KD subsets with the PC3M cells. Because there is no AR expression in the PC3M cells, we transfected them with the wild-type AR (pSG5hAR). The Western blots of AR and Prx1 expression of the four cell types (CT, CT/AR+, KD, KD/AR+) are shown in Fig. 5A . The data confirm the successful knockin of AR. More importantly, the introduction of an exogenous AR did not affect Prx1 expression in either the CT or KD subset.
Once the models were validated, we used only the CT/AR+ and KD/AR+ cells for the DHT-specific binding assays. The results from representative experiments are shown in Fig. 5B and C. The B max and K d data (mean ± SD, n = 3) are summarized in Table 2 . There was no change in the total binding capacity of AR. However, K d was increased from 354 pmol/L in the CT cells (high Prx1) to 633 pmol/L in the KD cells (low Prx1), suggesting that Prx1 plays a critical role in enhancing the affinity of AR to DHT. The results from the AR+/PC3M cells are in complete agreement with that from the LNCaP cells, thus supporting the idea that the effect of Prx1 is manifested with both the wild-type and mutant AR.
Prx1 Decreases Rate of DHT Dissociation from AR
In addition to increasing AR affinity to DHT, Prx1 may also influence the rate of DHT dissociation from the receptor. The occupancy time of DHT in the DHT-AR complex is generally quantified by the half-life (t 1/2 ) of the bound DHT in the dissociation curve. We carried out such a study with the CT and KD cells to see if Prx1 might modulate the dissociation rate of DHT. Both the LNCaP and AR+/PC3M models were used. Representative dissociation curves from each model are shown in Fig. 6 . The mean t 1/2 values from three independent experiments are indicated in Tables 3 and 4 . In the LNCaP model, the t 1/2 was 225 minutes in the CT cells and 173 minutes in the KD cells. In the AR+/PC3M model, the t 1/2 was 218 minutes in the CT cells and 168 minutes in the KD cells. The results thus support the conclusion that a low level of Prx1 hastens the rate of DHT dissociation from AR, and that this effect is evident regardless of whether the AR is wild-type (in AR+/PC3M cells) or a mutant (in LNCaP cells).
Prx1 Enhances N-C Dimerization of AR
As noted in the Introduction, the NH 2 terminus of one AR molecule associates with the COOH terminus of another AR molecule after ligand binding. The N-C dimerization of AR holds the ligand in the ligand-binding pocket (20, 21) . A mammalian two-hybrid system was used to evaluate the intensity of N-C interaction in intact cells. The GAL DNA binding domain and VP16 transactivation domain fusion proteins were expressed as described in Materials and Methods. The p5-GAL-LUC reporter construct was cotransfected into the cells. The interaction of GAL-ARHLBD with VP16-ARN generates a luciferase signal that serves as a readout of N-C interaction between the AF-2 motif in the GAL-AR fragment and AF-1 in the NH 2 -terminal domain of VP16-ARN. We carried out the experiment with the PC3M CT and KD cells. The results are shown in Fig. 7 . In the absence of VP16-ARN, GAL-ARHLBD alone did not generate any significant luciferase activity. The simultaneous presence of GAL-ARHLBD and VP16-ARN produced a very robust luciferase signal above the background in the CT cells. However, the knockdown of Prx1 reduced the intensity of the signal by ∼50%. Introduction of the wild-type AR (pSG5hAR) in lieu of VP16-ARN gave essentially the same results. The data therefore suggest that decreasing the availability of Prx1 in the KD cells negatively regulates AR N-C interaction. The above conclusion is consistent with the increased rate of DHT dissociation in the KD cells as shown in Fig. 6 .
Prx1-Mediated Augmentation of AR N-C Interaction Is Not Unique to Prostate Cancer Cells and Is Independent of the Antioxidant Activity of Prx1
To rule out that the N-C interaction promoting effect of Prx1 is unique only to prostate cancer cells, we conducted similar experiments with the A549 lung cancer cells and the MCF-7 breast cancer cells. These two cell models were chosen because they have a moderate level of endogenous Prx1. The abundance of Prx1 in each cell model was further boosted by transfection with either the wild-type Prx1 or the C52S mutant Prx1. The mutant Prx1 lacks antioxidant activity (10) . The results of the N-C interaction-driven luciferase reporter assay are shown in Fig. 8 . Because A549 and MCF-7 cells naturally express Prx1, transfection of more wild-type Prx1 generated only a slight increase of the luciferase signal compared with the empty vector transfection. Interestingly, transfection with the C52S mutant Prx1 produced essentially the same results as the wild-type Prx1 transfection, suggesting that the antioxidant activity of Prx1 is not important for Prx1 to promote AR N-C interaction.
Discussion
A functional AR continues to play a critical role in the transcriptional control and proliferative growth of prostate cancer after ADT. Past research was focused mainly on AR amplification or mutation as an adaptive mechanism in sensitizing cells to a low-androgen environment (22) . Recent interest, however, has shifted to distinct molecular factors that are capable of modulating AR activity (23) . These factors include chaperones, coactivators, and nonsteroidal ligands. Prx1 is fast emerging as a viable candidate. The increasing attention on Prx1 is justified by several lines of supportive evidence. First, Prx1 interacts physically with AR and colocalizes with AR to the nucleus in the transcriptional control of AR target genes (10) . Second, the expression of Prx1 is up-regulated by hypoxia (16), the latter is a common occurrence in androgen-sensitive tissues when the supply of androgen is interrupted. This context-dependent phenomenon thus takes into consideration the microenvironmental changes that are taking place in the tissue. Third, ARpositive prostate cancer cells which are able to sustain growth in a very low-androgen condition generally show an elevated level of Prx1 (10), suggesting that Prx1 may help boost AR signaling. To put things in perspective, Prx1 is not the only chaperone protein known to increase AR function. A recent study showed that heat shock protein 27 also interacts with AR to enhance AR stability, nuclear shuttling, and transcriptional activity (24) . However, it is unclear whether heat shock protein 27 can sensitize AR to low levels of DHT, a characteristic that seems to be unique to Prx1. Another example is the role of a chaperone/cochaperone complex, hsp70-Bag-IL, in regulating the transcriptional activity of AR by enhancing its binding to the ARE (25) .
How might Prx1 affect AR activation, especially when the availability of DHT is limiting? Our study showed that Prx1 increases AR affinity to DHT and AR N-C interaction. The purpose of N-C interaction presumably is to retain DHT in the ligand-binding pocket (21, 26) . A stronger N-C interaction means a more stable DHT-AR complex, and this is precisely what we found from the bound DHT dissociation curve when Prx1 is present in abundance. It is noteworthy to point out that the enhancement of AR activation by Prx1, as measured by a number of biochemical parameters, is reflected in DHT stimulation of cell growth and transcription of AR targets. The stimulatory effect of Prx1 on AR is manifested regardless of a wild-type or mutant AR. The observation has significant implications because a substantial proportion of prostate cancer carries mutations on the AR gene (27) . Incidentally, the AR T877A mutation in LNCaP cells is not acquired due to cell passaging, and is found sporadically in human prostate cancer specimens (28) .
The availability of DHT and the time of occupancy of DHT on the receptor are important determinants of AR activity. If the affinity of AR to DHT remains unchanged, decreases in binding would be expected with exposure to low levels of DHT, because the binding equilibrium is governed by the following equation: free DHT + AR bound DHT-AR complex, where K d = k 2 /k 1 . Studies with AR deletion mutants showed that the interaction between the NH 2 terminus and COOH terminus of AR stabilizes the DHT-AR complex and slows down the dissociation rate of bound DHT (26) . By associating physically with AR, Prx1 is likely to cause a conformational change in AR, and in doing so, increases the affinity of AR to DHT, and simultaneously stabilizes the DHT-AR complex so that AR stays activated longer despite operating in a low-androgen environment. The ability of Prx1 to modulate the activity of other cellular proteins through a physical interaction mechanism has been described in a number of publications (29-31). In our DHT dose response experiment shown in Fig. 1 , we treated cells with up to 1 nmol/L DHT. This concentration of DHT is similar to the level found in recurrent prostate cancer after castration (32) . Some of the DHT may be the product of de novo synthesis by prostate cancer cells, as described in several recent publications (33, 34) . Regardless of the availability of Prx1, 1 nmol/L DHT is clearly adequate for AR activation. It is interesting to note that based on our results shown in Fig. 1 , 0.1 nmol/L DHT in a high-Prx1 environment (i.e., CT cells) produced the same magnitude of growth stimulation as 1 nmol/L DHT in a low-Prx1 environment (i.e., KD cells). We do not wish to belabor the issue of the threshold level of DHT needed to fully activate AR when there is an abundance of Prx1. The evidence is sufficiently compelling that Prx1 enables AR to function in a normal or near normal capacity even if the availability of DHT is suboptimal. Based on the experiment described in Fig. 3B , it can be seen that Prx1 knockdown decreases AR activity to the same extent in the presence of either 1 or 10 nmol/L DHT. If DHT binding affinity to AR is the only thing modulated by Prx1, one would expect that the decrease of AR activity by Prx1 knockdown would be more pronounced at 1 nmol/L DHT than at 10 nmol/L DHT. This is clearly not the case. Prx1 may have multiple roles in activating AR. Previous reports have shown that the steroid receptor coactivator-1, or SRC-1, interacts with the AF-1 (NH 2 terminus) and AF-2 (COOH terminus) domains of AR (35, 36) , and that SRC-1 potentiates the activity of AR at suboptimal levels of androgen (37) . It is therefore tempting to hypothesize that Prx1 may also stimulate the recruitment of SRC-1 to the ligand-bound AR complex. ADT is often accompanied by hypoxic conditions in the prostate tumor. Prx1 is up-regulated rapidly by hypoxia (16) . Consequently, Prx1 may allow the cancer cells to continue to rely on AR signaling despite the stress of androgen ablation, without having to undergo selection pressure for other adaptive changes. As such, Prx1 may represent a legitimate therapeutic target in controlling androgen-refractory prostate cancer.
Materials and Methods
Cell Cultures
Prostate LNCaP, prostate PC3M, breast MCF-7, and lung A549 cancer cell lines were obtained from the American Type Culture Collection. All cells were cultured in RPMI 1640 supplemented with 10% FBS, 2 mmol/L of glutamine, 100 units/mL of penicillin, and 100 μg/mL of streptomycin at 37°C in an atmosphere of 5% CO 2 and 95% air.
Cell Growth Assay
LNCaP Cells were seeded at 2 × 10 3 per well in 96-well plates and allowed to grow for 24 h. Cells were washed with PBS, then switched to a phenol red-free medium containing 10% charcoal-stripped FBS (Hyclone) and supplemented with 0, 0.1, or 1 nmol/L DHT (Sigma). Growth rate was measured every other day for 5 d by the MTT assay as described in our previous publication (38) .
Western Blot Analysis
Equal amounts of protein were analyzed in duplicate by SDS-PAGE. Protein concentrations were measured by the BCA protein assay kit as per manufacturer's protocol (Pierce). The following monoclonal antibodies were used: anti-Prx1 (Lab Frontier), anti-AR (BD Pharmingen), anti-PSA (Neomarker), anti-KLK2 (Abcam), cyclin D1 (Santa Cruz), anti-β-actin (Sigma), and anti-α-tubulin (Upstate). Immunoreactive proteins were detected with a horseradish peroxidase-conjugated secondary antibody (Bio-Rad) and visualized by using an enhanced chemiluminescence detection system (Amersham Bioscience).
Real-time Reverse Transcription-PCR
First-strand cDNA was synthesized from 100 ng of total RNA by SuperScript II reverse transcriptase (Invitrogen) according to the manufacturer's protocol. The PCR primers for glyceraldehyde-3-phosphate dehydrogenase, PSA, and KLK2 were Assays-on-Demand products from Invitrogen. An aliquot of 2 μL of first-strand cDNA was added to 25 μL of SYBR GreenER qPCR Supermix for ABI PRISM (Invitrogen) and 2.5 μL of 100 pmol/L primer mixture in a final 50 μL volume. Temperature cycling and real-time fluorescence measurement were done with an ABI PRISM 7700 Sequence Detection System (Applied Biosystems). The PCR conditions were as follows: an initial incubation at 50°C for 2 min, then a denaturation at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. The relative quantitation of gene expression was computed by using the comparative C t (ΔΔC t ) method (39) . Briefly, the threshold cycle number (C t ) was obtained as the first cycle at which a statistically significant increase in fluorescence signal was detected. Data normalization was carried out by subtracting the C t value of glyceraldehyde-3-phosphate dehydrogenase from that of the target gene. The ΔΔC t was calculated as the difference between the normalized C t values (ΔC t ) of the treatment and control samples. Lastly, ΔΔC t was converted to fold of change by the following formula: Fold of change = 2 −ΔΔC t .
Prx1 Knockdown by shRNA
LNCaP and PC3M cells were subjected to Prx1 knockdown. The pSilencer 5.1 system (Ambion) was used for the expression of short hairpin RNA (shRNA). The sense and antisense sequences of oligonucleotides targeting human Prx1 are as follows: 5′-GATCCGTTCTCACTTCTGTCATCTATTCAA-GAGATAGATGACAGAAGTGATAATTTTTTGGAAA-3′, and 5′-AGCTTTTCCAAAAAATTCTCACTTCTGTCATC-TATCTCTTGAATAGATGACAGAAGTGAGAACG-3′, respectively. The sense and antisense scrambled sequences are as follows: 5′-GATCCCGTTCTCCGAACGGTGCACG-TTTCAAGAGAACGTGCACCGTTCGGAGAATTTTTTG-GAAA-3′, and 5′-AGCTTTTCCAAAAAATTCTCCGAA-CGGTGCACGTTCTCTTGAAACGTGCACCGTTCGGA-GAACGG-3′, respectively. Both the shRNA and scrambled Increases of relative luciferase activity (Y-axis) were used as the readout of N-C interaction. pRLTK, Renilla luciferase activity for adjustment of transfection efficiency; p5-GAL-LUC, N-C interaction driven luciferase reporter; GAL-ARHLBD and VP16-ARN, components of the two-hybrid system for N-C interaction; pSG5hAR, wild-type AR plasmid. *, P < 0.05 compared with the control. sequences were checked by searching the genome database (BLAST) to ensure that they do not share any significant sequence homology with other human genes. Oligonucleotides were annealed, and cloned into the pSilencer vector. The sequence accuracy of the constructs was confirmed with an ABI 3700 capillary sequencer (Applied Biosystems). Phoenix packaging cells were transfected with either the Prx1-shRNA or scrambled-shRNA expression vector by using Lipofectamine 2000 reagents (Invitrogen). The culture supernatants were collected at 48 h after transfection and filtered. Prostate cancer cells were infected with either the Prx1-shRNA or scrambled-shRNA viral preparation in the presence of 4 μg/mL of polybrene (Sigma). Fresh viral suspensions were added to the cells every 8 h during the next 48 h. Infected cells were selected in a growth medium containing 250 μg/mL of neomycin. Cells expressing the scrambled-shRNA or Prx1-shRNA are designated as CT (for control) or KD (for knockdown), respectively.
Prx1 Knockdown by siRNA All materials for siRNA transfection were purchased from Ambion. Transient transfection of siRNA was done using a protocol recommended by the manufacturer. The two-siRNA sequences, which were obtained online from the Ambion siRNA library (ID number 143701 and 11838), were directed against exon 6 of Prx1. The information for the two siRNAs is as follows: siRNA 143701, sense: 5′GCCGAAUUGUGGU-GUCUUATT-3′, antisense: 5′-UAAGACACCACAAU-UCGGCTG-3′; siRNA 11838, sense: 5′-GGCUACUGGUUU-GUAUGAUTT-3′, antisense: 5′-AUCAUACAAACCA-GUAGCCTG-3′. Nonsilencing siRNA sequence was used as the negative control. All siRNAs, obtained in lyophilized and annealed form, were resuspended in diethylpyrocarbonate-treated distilled water to achieve a stock concentration of 15 μmol/L, and stored at −20°C in 50 μl aliquots. Approximately 5 × 10 5 LNCaP cells were plated onto six-well plates to achieve 40% to 50% confluency. For each well, 5 μL of Lipofectamin 2000 transfection Reagent (Invitrogen) were incubated with 100 μL of fresh medium. The ARE-luciferase reporter plasmid, which contains three repeats of the ARE region ligated in tandem to the luciferase reporter (40) , along with pRLTK plasmid (for Renilla luciferase activity), were incubated with 100 μL of fresh medium with or without 75 nmol/L of siRNA for 5 min. The transfection reagent and the plasmid-siRNA mixture were then combined and incubated for 25 min at room temperature to allow complex formation. After adding 2 mL of fresh media to the cells, the siRNAtransfection reagent complexes were added dropwise. Transfected cells were cultured with various DHT concentrations for 48 h at 37°C in 5% CO 2 and harvested for luciferase assay as described in the following section.
Plasmids and Expression Vectors
The pSG5hAR expression vector was originally described by Yeh and Chang (41) . We have used this vector in our previous publications (9, 10) . The pSG5hAR vector was used to express the wild-type AR in PC3M cells, which are AR-null. A mammalian two-hybrid system consisting of the NH 2 terminus of AR fused with VP16 (VP16-ARN), and the COOH-terminal hinge and ligand binding domain of AR fused with GAL-4-DBD (GAL-ARHLBD), was described previously by Onate et al. (35) . Included in the system is the p5-GAL-LUC reporter construct, which generates a luciferase signal as the readout for AR N-C interaction. For the overexpression of Prx1 in MCF-7 and A549 cells, pCR3.1 plasmids containing either the wildtype Prx1 or mutant Prx1 (pCR C52S, lacking antioxidant activity) were described previously (42) .
Transfection for AR N-C Interaction and Luciferase Assay
An aliquot of 5 × 10 4 cells was placed in a 24-well plate and transfected with DNA (described in Plasmids and Expression Vectors) using Fugene 6 reagent (Roche). The total amount of plasmid DNA was normalized to 200 ng per well by the addition of empty plasmid. Luciferase activities were measured after 24 h of transfection by using the Luciferase Assay System (Promega). Relative luciferace activities were calculated by normalizing against the Renilla luciferase activity from the pRLTK plasmid. All transfection experiments were repeated at least thrice.
Scatchard Analysis and Androgen Dissociation Assays
LNCaP or PC3M (transfected with the pSG5hAR expression vector) clones were cultured in a medium containing charcoal stripped-FBS for 24 h before the start of the experiment. For the determination of apparent equilibrium binding affinity, whole cell binding assays were done as previously described (43) . Briefly, cells were cultured to confluency, and then incubated for 2 h at 37°C with increasing concentrations (0.06-1.0 nmol/L) of 3 H-DHT (Amersham Biosciences), either in the absence or presence of 200-fold excess of nonradioactive DHT. Cells were then placed on ice, washed four times with ice-cold PBS, and subsequently lysed in 0.5 mol/L NaOH. Radioactivity in the lysate was measured in a scintillation counter. Scatchard analysis was carried out to determine the K d by using the Graph Pad Prism5 software. The K d measures the affinity of AR to DHT. The derivation of the Scatchard plot is described below. It starts with the concept that free DHT, the unbound AR, and the bound DHT-AR complex are in a state of equilibrium as represented by the following: [F] + [R] [B], where F = free DHT, R = unbound receptor, B = bound receptor complex, k 1 = rate constant of association, and k 2 = rate constant of dissociation. The equilibrium can be expressed in an equation form as shown by Eq. 1 in Fig. 9 . The subsequent steps detailed in Fig. 9 describe how the various binding parameters are obtained from the Scatchard plot analysis.
The stability of the AR-DHT complex was quantified by a different assay as follows. DHT dissociation rates were determined by incubating cells with 3 nmol/L 3 H-DHT for 2 h at 37°C, followed by a chase with 6 μmol/L nonradioactive DHT for different time periods up to 240 min. Cells were then washed and lysed, and radioactivity was determined as described above. The data are presented as the natural logarithmic ratio (ln) of bound radioactivity at a given time (B) to that at time zero (B 0 ; ref. 44) . Nonspecific binding was determined in parallel experiments in which the cells were exposed to 200-fold excess of cold DHT during the entire incubation period.
Statistical Analysis
Statistical significance was evaluated by using Student's t tests. Values were reported as means ± SD. P value of <0.05 is considered significant.
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